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Abstract
HIV/AIDS pandemic is currently the most socio-economic challenge that faces Tanzania as it affects mostly the young and most economically productive population. People living with HIV/AIDS in Tanzania are susceptible to fungal and bacterial opportunistic infections, which are a major cause of mortality and morbidity in the country. Despite the government's intervention to provide ARVs to people living with HIV/AIDS, many of them especially those living in the rural areas can neither afford them due to poverty nor access them due to distance to health centers. Moreover, resistance of opportunistic microbial pathogens to conventional medicines and the serious side effects associated with antiretroviral drugs are also a major drawback to the management of HIV/AIDS in the country. Due to these factors, many people opt to use of traditional medicines. This paper highlights the use and conservation of herbal remedies to manage HIV/AIDS pandemic in Tanzania. Ethnobotanical surveys were carried out in Bukoba Rural District to explore the traditional ethno-medical knowledge, the use and conservation of medicinal plants in the management of HIV/AIDS opportunistic infections and to determine whether levels of harvesting are sustainable. The district is currently an epicenter of HIV/AIDS and although over 90% of the population in the district relies on traditional medicines to manage the disease, this traditional knowledge still remains largely unknown. Seventyfive plant species belonging to 66 genera and 40 families were found to be used to treat one or more HIV/AIDS related diseases in the district. Eight plant species were tested in-vitro for their antifungal activity against three major fungal pathogens, Candida albicans (C.P. Robin) Berkhout, Cryptococcus neoformans (San Felice) Vuill., and Aspergillus niger Tiegh. Three of them were further tested in-vivo for their anti-Candida activity. With decreasing natural stocks of medicinal plants, and based on the results, this study further provides concrete recommendations Published: February 09, 2011
AIDS. Health facilities are overburdened by the increasing demand for care of HIV/AIDS patients (Uiso et al. 2006) . The traditional healers play a crucial role of providing primary health care by taking care of people living with HIV/ AIDS (Kala et al. 2004 , Scheinman 2002 . In 2006, almost two thirds (63%) of all persons infected with HIV/ AIDS in the world were living in sub-Saharan Africa (UN-AIDS/WHO 2006). HIV/AIDS pandemic is currently the largest socio-economic challenge that faces Tanzania as it affects mostly the young and most economically productive population (TACAIDS et al. 2005) . This translates to loss of skills, talents, expertise and man-hours. The majority of the people living with HIV/AIDS are susceptible to fungal and bacterial opportunistic infections that result from immunosuppression (Kisangau et al. 2007 ). These infections have been reported from the early days of the HIV/AIDS pandemic and are one of the leading causes of deaths in Tanzania and worldwide (NIMR 2004) . The use of plants as medicine is common to many cultures, and a number of advanced pharmaceutical drugs were derived from plants (NIH 1994) . Worldwide, phytomedicines are more than salient features of ethnomedical systems; they are integral to the primary health care of 80% of people in developing countries where they are relied upon by 75% of people living with HIV/AIDS (WHO 2002) . According to researchers, herbs help in management of AIDS cases due to their historical ability to: increase appetite, gain weight, stop diarrhea, reduce fever, clear up oral thrush, and resolve skin rash and fungus and treat herpes zoster.
Like in most other resource poor countries, Tanzania lacks well-established care for patients, such as provision of antiretrovirals (ARVs) and drugs for the treatment of opportunistic infections. More than 60% of the population in Tanzania depends on traditional medicines for the management of various diseases including HIV/AIDS (Mhame et al. 2004) . Due to scarcity of drugs, poverty, high cost of life-enhancing drugs, resistance to conventional medicine and the serious side effects associated with antiretroviral drugs many people living with HIV/AIDS in Tanzania opt for traditional health services for the control of the disease. Traditional medicines are the most widely established and available health care system in Tanzania and it has been the effective low cost remedies to treat opportunistic infection associated with HIV/AIDS. The ratio of Medical Doctors to population in Tanzania is 1:20,000, while traditional healers are estimated at 1:350 (Kornel 2009 )
The role of Traditional healers in managing HIV/AIDS
Traditional healers (THs) treating HIV/AIDS often outnumber doctors by 100 to 1 or more in Tanzania (Kornel 2009 Existing health services are unaffordable by the poor, thus THs offer opportunities for reaching the poor at little added cost. They can be very powerful educators about HIV/AIDS to their clients and can play an important role in counselling the communities among which they practice. The importance of THs and the reliance on medicinal plants is more manifest in rural areas, as modern healthcare systems are more limited and even declining, whilst the environment facilitates the access and use of medicinal plants.
Traditional healers hold knowledge and experience on a wide range of medicinal plants that are useful to address a variety of AIDS-related health issues and problems. In particular, they highlight herbal treatments relevant for skin diseases, respiratory infections, diarrheal disorders, mouth problems, fever, loss of appetite, and weakness, among others.
Role of medicinal plants in combating HIV/AIDS
Medicinal plant diversity and the associated indigenous healthcare knowledge provide locally available and affordable means to address a wide range of health concerns related to HIV/AIDS, particularly as follows: 1. Herbal treatments to heal sexually transmitted diseases, thus reducing the risks of HIV infection and re-infection. 2. Herbal treatments to support immune strength and sustain an overall health well-being, thus serving to control the progression of HIV infection and to mitigate the potential impact of opportunistic diseases. 3. Herbal treatments to raise appetite, since loss of appetite is a frequent problem in AIDS patients that causes a downward cycle of malnutrition, weakness, and sickness. 4. Herbal treatments to address a number of HIV/AIDS associated and opportunistic diseases, such as respiratory infections, diarrheal diseases, and skin problems.
Community based initiatives dealing with HIV/AIDS management in Tanzania
Despite wide spread use of herbal medicines in managing HIV/AIDS related conditions in Tanzania, very few organized initiatives are available that deal with the management of the pandemic at community level using plant therapies. The most outstanding one is the Tanga AIDS Working Group (TAWG), a non-profit organization located on Tanzania's east coast. TAWG works to reduce HIV transmission and to assist people living with AIDS through health education, counseling and testing services and
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home-based care-all done in collaboration with traditional healers. TAWG has so far treated 4,500 AIDS patients with opportunistic infection with herbal medicines. Currently it has over 1,300 patients from six treatment centers and also is building capacity of traditional healers to assess patients' progress (UNAIDS 2002) . The organization aims to provide effective low cost herbal remedies to treat opportunistic infection associated with HIV/AIDS, conduct research on promising herbs and to ensure sustainable supply of medicinal plants in use through conservation and cultivation of the herbal medicinal plants. 
Institutional-based initiatives
Research status
A number of scientific articles have been published concerning the use of herbal medicines used to manage HIV/AIDS related conditions in Tanzania. An ethnomedical survey of Coast, Dar es Salaam, Morogoro and Tanga regions of Tanzania resulted in the identification of 36 plant species belonging to 21 plant families that are used traditionally for the treatment of Candida infections that are an important sign of HIV/AIDS (Runyoro et al. 2006) . Some of the plants were reported to be active against other fungi including Cryptococcus neoformans (San Felice) Vuill., a major pathogenic fungus in HIV/AIDS. A study on knowledge of 132 traditional healers on HIV/AIDS in Arusha, Tanzania, revealed that 61% of the interviewed healers claimed to be treating HIV/AIDS patients (Uiso et al. 2006) . Hamza et al. (2006) screened 65 methanolic plant extracts against Candida spp., C. neoformans and Aspergillus niger Tiegh., 40% of which were found to be active against one or more of the test fungi, hence con- 
Methods and Materials
The study area Bukoba Rural District is one of the six administrative districts in the Kagera region in north western Tanzania ( Figure 1 ). The region borders Uganda to the North, Burundi and Rwanda to the West, and Lake Victoria to the East. There are 168 villages in 41 wards and 6 divisions within Bukoba District, which comprises a total population of 395,130
The district is predominantly occupied by the indigenous Haya tribe whose native language is Kihaya. In 1991 the Haya population was estimated to number 1,200,000 (Appiah & Gates 1999). Agriculture is the economic mainstay of the district and accounts for 50% of the Region's Gross Domestic Product (GDP). The main crops are green include sugarcane, sweet potatoes, vegetables, millet and sorghum (TUROT 2003) . The population:doctor ratio stands at 95,000:1, the lowest of all the six districts in Kagera region (TACAIDS 2005 , TUROT 2003 , indicating a severe inadequacy of health personnel.
Ethnobotanical surveys
Ethnobotanical surveys were carried out in 2007 in four out of the six divisions in the district: Kiamtwara, Misenye, Katerero and Rubale. With Prior Informed Consent (PIC), authentic and well known herbal practitioners were identified through a Participatory Rural Appraisal (PRA) approach, with the assistance of local administrative officers and health workers. Healers gave informed consent to the interviews, and respondents signed Material Transfer Forms (MTF) for purposes of intellectual property rights. They were then interviewed using semi-structured open-ended questionnaires (Martin 1995) (Figure 2 ). A total of thirty herbal practitioners aged between 32 and 80 years of age were interviewed during the study. Twentytwo out of the thirty respondents (73%) were above 50 years of age. Twenty-one (70%) of these were women and only nine were men. The majority of the respondents were peasant farmers and non-formally educated. Interviews were conducted in the local Kihaya language except for a few cases where the respondents were erudite and could understand Kiswahili. Information regarding the parts used, preparation, administration and the disease condition treated was documented.
Field excursions were carried out with the help of traditional herbalists. Plant materials were collected and voucher specimens were coded and deposited at the Botany Department, herbarium (DSM), University of Dar es Salaam. All collected voucher specimens were identified by Mr. Suleiman Haji and Mr. Frank Mbago of the University of Dar es Salaam, Botany Department. Information based on personal observations was also recorded.
Knowledge on HIV/AIDS opportunistic infections
During the interviews, the symptoms of various HIV/AIDS opportunistic infections were described to the healers so as to enable them give the appropriate plant species they usually use to manage the infections (ATS 1990 , Kauffman 2007 , Simmers 2003 
Bioassays
Following the ethnobotanical surveys, in-vitro antifungal activity tests were carried out on dichloromethane extracts of eight of most promising plant species against major HIV/AIDS opportunistic fungal pathogens Candida albicans (C.P. Robin) Berkhout, C. neoformans, and A. niger using agar well and disc diffusion methods. The eight plant species screened are shown in Table 1 highlighted in green.
Out of these eight plant species, three of them (Capparis erythrocarpos Isert, Dracaena steudneri Engl. and Sapium ellipticum (Hochst.) Pax) were further analyzed in-vivo using an antifungal mice infection model. In this case, White Albino mice aged between 5 to 6 months and weighing between 20 to 30 g were randomized into five groups of 10 in separate cages. The five groups were immunosuppressed with 200 mg/kg body weight of cyclophosmamide for four consecutive days after which they were administered with 0.3 ml of 0.5 McFarland standard inoculum of C. albicans. Twenty four hours post infection, three groups were respectively treated with oral doses of 100, 200 and 400 mg/kg of body weight of the dichloromethane extracts using a gage needle. The fourth group, taken as positive control was intraperitoneally treated with fluconazole (Pfzer Ltd. S. Africa) at 10 mg/kg. Treatment of the four groups was given twice daily for six consecutive days. The fifth group, taken as negative control was left untreated for six consecutive days post infection. Efficacy assessment of the plant extracts was done by sacrificing all surviving mice on day 11 post-infection, and then determining the geometric colony count per organ homogenate in the lungs, liver, brain and kidneys.
Results and Discussion
The role of medicinal plants used to manage HIV/AIDS
It was found that most informants could unambiguously and easily characterize symptoms of the targeted HIV/ AIDS opportunistic infections. During the study, 75 plant species in 66 genera and 40 families were known to be used to treat one or more of the reported HIV/AIDS related diseases in the district (Table 1) . Species from the families Anacardiaceae, Asteraceae, Capparaceae, Clusiaceae, Euphorbiaceae, Fabaceae, Rubiaceae, Myrtaceae, and Lamiaceae were the most frequently recorded (they constituted 52% of all the reported plant species), with each family having three or more species associated with the treatment of the opportunistic infections documented. The highest number of plant species used to treat the various conditions was recorded for TB which had 27 of the 75 documented species (Figure 3) . Thirty-five of the 75 plant species were used to manage only one of the seven opportunistic infections reported, 39 were used to manage 2-6 of the conditions, while one plant species only, C. erythrocarpos was used to treat all the seven reported disease conditions (cf. also Kisangau et al. 2007) . Eight of the nine plant species tested (highlighted in green in Table 1 ) were known to be particularly promising in treating the major HIV/AIDS opportunistic fungal pathogens C. albicans, C. neoformans, and A. niger.
The herbal medicines were mainly prepared using five methods: boiling, drying in sun and pulverization ( Figure  4 ) soaking in cold water, burning, chewing ( Figure 5 ). The most common method used was oral application of decoctions or infusions, especially for diseases like TB, Herpes zoster, Herpes simplex and Cryptococcal meningitis. Powdered medicines were mixed with jelly and applied as ointments for skin eruptions. Alternatively, decoctions or With respect to the parts of the plants that are used, leaves were the most frequently used plant part in preparing herbal remedies, followed by roots, the bark or stem and other parts of plants like fruits or seeds (Figure 6 ).
The eight promising plant species identified in Table 1 yielded positive results with each being active against one or more of test fungal species. The in-vivo tests showed a substantial dose dependency in all the treatments administered. Dracaena steudneri and C. erythrocarpos revealed substantial activity against C. albicans compared to S. ellipticum with colony burden clearance reaching to more than 90% in most treatments. The laboratory results clearly support the traditional uses of these plant species in managing HIV/AIDS opportunistic infections associated with these pathogens.
Traditional ethno-medical knowledge to manage HIV/ AIDS, and its transmission
73% of the traditional herbal practitioners interviewed during the study were aged above 50 years. Thus, the majority of healers from whom a great deal of ethno-medical knowledge is derived are elderly. This puts the art of herbal medicine and indigenous health care knowledge at risk because as the older people die, so does their legacy of the use of traditional medicines to manage HIV/AIDS related infections (Kokwaro 1993 , Sofowora 1982 if quick efforts are not exerted to document this invaluable knowledge.
Thus, there is a persistent gap in knowledge of herbal practice between the younger and older generations. Nevertheless, the older practitioners are recognized by the local community as being competent to provide healthcare, using plant, animal and mineral substances, based on the social and cultural background of the local society (UNAIDS 2002).
Medicinal plant gathering and its impact on biodiversity
Field research in this study has shown that most of the plants used in traditional healthcare are collected from the wild, and only a few have been domesticated. Field observations, further revealed that the medicinal plants harvested from the wild were being over-exploited. Unregulated and poor harvesting methods were among the most important factors found to contribute to over exploitation and decreasing availability of medicinal plant resources. The most destructive methods of collection employed by the practitioners, as well as other community members, were: ring-barking or total debarking; uprooting of whole plants; and cutting whole plants. During the field research, trees of Cussonia arborea Hochst. ex A. Rich. and Parinari curatellifolia Planch. ex Benth. were found dead in different sites in Bukoba District, due to poor harvesting of the bark (i.e., total debarking) (Figure 7a,b) . Such practices have decreased the supply of popular herbal medicines, while demand continues to grow. The decline was confirmed by the finding that the herbal practitioners now have to travel long distances to collect the same kind of plants they used to collect within the vicinity of their homesteads only a few years ago. Interviews with the practitioners revealed that medicinal plant gatherers are able to report which species are becoming difficult to find because of habitat destruction, over exploitation, or limited geographical distribution. Consequently, priority plant species in need of urgent conservation were determined: 22 medicinal plants can be classified as having become rare or threatened due to over-exploitation for medicinal purposes (cf. (Hobbs 2003, www.africarainforest.org ).
An ongoing tree domestication program is being implemented by the World Agroforestry Centre (ICRAF) in collaboration with partners in the central western Tanzania. The aim of the domestication process is to bring wild fruits and medicinal trees to the farm in order to ensure sustainable availability of the plants, enhance food security, and improve income, health and nutritional status of the poor rural and urban communities while safeguarding their biodiversity and protecting the environment (Mbwambo 2004) . The Institute of Traditional Medicine (ITM) is also promoting community based cultivation of medicinal plants to serve the purpose of supplying raw materials for the production of herbal extracts and herbal medicines. This is also intended to promote national strategies for poverty reduction (Moshi 2005) .
Conclusions and Recommendations
Ethnobotanical surveys revealed a diversity of medicinal plants used in the management of HIV/AIDS opportunistic infections by traditional Haya healers in Bukoba Rural District in Tanzania. HIV/AIDS opportunistic conditions considered during this study were Tuberculosis (TB), Herpes zoster (Shingles), Herpes simplex (Genital herpes), Oral candidiasis, Cryptococcal meningitis, skin rashes and chronic diarrhea. The positive laboratory results of invitro and in-vivo bioassays clearly support the effectiveness of ethno-medical knowledge and traditional uses of these plant species in managing HIV/AIDS opportunistic infections associated with major fungal species.
In the study area, with few exceptions, traditional medicinal plants are gathered from the wild. Most of these plant parts were harvested unsustainably without any consideration for future resource availability. For example, a major issue of concern is that bark and roots are harvested from most plants, which may indicate potentially high impacts on the long-term survival of the species. Concerns are likely to be magnified by the extensive commercial trade and sale of medicinal plant parts by market vendors. Consequently, some species are now highly threatened. This calls for urgent conservation measures. If the current, uncontrolled collection of medicinal plants is not regulated, many species will soon disappear from the wild. It is, therefore, of crucial importance to rural communities that information on the appropriate methods for cultivating medicinal plants is disseminated and that training is provided on sustainable harvesting methods.
Awareness campaigns on the importance of cultivating medicinal plants should be carried out at grassroots level. On-farm cultivation trials of identified priority species might be a viable way to ensure availability and sustainability of medicinal plant resources. However, plant cultivation by the practitioners may be constrained by the lack of appropriate technologies, as well as cultural beliefs. There is, therefore, a need to train the herbalists to use cheap and appropriate propagation techniques for medicinal plants so as to sustain supply.
As this study has shown, most of the herbal knowledge is held by the elderly traditional herbal practitioners, which implies that the legacy of the use of traditional medicines to manage HIV/AIDS related infections is in danger of being lost. We would therefore encourage the mobilization of herbal practitioners to form conservation groups, as this might be a positive step towards transmission of their wealth of traditional knowledge, and towards ensuring long-term conservation and sustainable use of medicinal plants.
Results of this study showed that traditional medicinal plants and indigenous healthcare knowledge represent a strategic force in healthcare action, capable of complementing modern healthcare systems. In addition, they are often the only healthcare option available or affordable in rural areas, as modern healthcare services are often missing, deficient or expensive. Accordingly, we would argue that the healthcare response to HIV/AIDS in rural Africa has much to benefit from the conservation, use and improvement of medicinal plants and herbal treatments. This requires mobilizing indigenous healthcare knowledge, empowering traditional healers, and fostering the cooperation between traditional and modern healthcare systems. We would also state that a collaboration between the agriculture (agrobiodiversity) and health sectors around medicinal plants is equally valuable to enhance the healthcare response to HIV/AIDS in rural communities of Africa.
In our view there is need to foster concerted efforts to promote establishment of community-based initiatives that will engage in medicinal plants cultivation, improvement of local herbal treatments, and support of traditional healers as a strategy to mitigate HIV/AIDS health impact. These concerted efforts should focus on three inter-related issues with a priority focus on the HIV/AIDS epidemic, as follows: 1. Medicinal plants: conservation, use and research. 2. Traditional healers: training, organizational aspects and empowerment.
3. Increased collaboration between traditional and modern health practitioners. Based on the results of our study, we would suggest the following activities as a way forward to promote the use of herbal remedies and the involvement of traditional healers in increasing access to HIV/AIDS care and prevention in Tanzania :
• Promote the participatory elaboration of inventories of medicinal plants used to treat health problems related to HIV/AIDS. Compare the use of these resources across regions and cultures. Train healers to keep records of the use and effectiveness of selected medicinal plants.
• Establish partnerships with universities and research centers to conduct clinical studies on the effectiveness and properties of selected medicinal plants of relevance in key health problems, especially those related to HIV/ AIDS.
• Create herbal gardens as spaces for conservation, demonstration, research and diffusion of medicinal plant resources. Promote home herbal gardens at the community level, supporting traditional healers and interested households in setting up these fields.
• Promote spaces for the dialogue and cooperation between traditional and modern health practitioners.
• Support and improve the healthcare role of traditional healers at community level, through training (from HIV/ AIDS issues to improved traditional healthcare), creating associations of traditional healers, conducting actions to enhance the collaboration with modern doctors in the fight against HIV/AIDS, and encouraging spaces for transmission and for critical exchange of knowledge related to medicinal plants.
• Promote community education on the value and limitations of medicinal plants and traditional herbal treatments, generating critical thinking at the community level to foster the use of medicinal plants but also to reduce unsustainable harvesting.
• Promote meetings and regional initiatives around medicinal plants and healthcare, in order to: (a) share inventories on medicinal plants that are used to address health problems related to HIV/AIDS, evaluating critically their effectiveness and means to further experiment and promote them; (b) share methodologies and results from clinical studies conducted on medicinal plants; and (c) share experiences on the mobilization of traditional healers and on the dialogue/cooperation between traditional and modern health practitioners in the fight against HIV/AIDS.
